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ABSTRACT * : - 

The citizens' workshops provide the opportunity for / 
discussion of a wide variety of issues relating to energy, and the 
environment . They .are conducted by qualified energy specialists. In, 
the workshops '.citizens are able to make judgments on the use of 
energy resources, environmental effects, growth, and the quality of 
life using the; energy-environment s-l&ulator (an analog computer 
decision-making game) . This handbook gives a brief discussion of 
energy and environmental topics, a quiz to -best knowledge of 
energy-environment issues r a glossary of important energy words, and 
a list of publications. (BB) 
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Citizens' Workshops: A program of, the 
United States Department of Energy' 



America's prosperity apd K^gn standard of living were 
built upon readily available, inexpensive, and seemingly 
inexhaustible energy resources. Our industrial strength, 
agricultural bounty, Comfortable homes, fast and easy 
transportation of people and goods — all of these Uhings 
consume high levels^ of energy, primarily from fossil fuels. •. 

The American people face an energy challenge: We will 
need to change both our habits of energy u$e and our sources 
of energy supply, , - . • •■ 

The Citizens' Workshops on Energy and the 

Environment is one of the ways that the U.S. 
- . Department of Energy (DOE) 

is using to provide 1 
American citizens 
with the information 
they need to make 
wise choices. 

Citizens' 
Workshops bring 
interested 
citizens and a / 
knowledgeable ( 
scientist moderatQr 
v face to face .with ";/•. 

national energy and 
environmental*policy decisions. Using the 
energy-environment simulator (an analog computer 
decisioh-making game), cit^fs^frs a(re able to make judgments 
on^he use of ep&'gy resources:, environmeriiii+trffects, growth, ^ 
and the quality of life. As in tWe rea] world,. energy resources 
are exhaustible and new energy sources must be found to 
replace them. Participants are enabled to gain a 'better 
perspective on the energy challenge confronting us and the 
need to plan for the future. 

4 Citizens' Workshpps and other DOE information 
^tivities make available to the public basic facts for making 
decisions in the whole area of energy use and conservation. 
Americans are beginning to accept that the country has an 
energy problem, the question remains whether we're going 
to be serious about it, an'd why. . ' 
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Citizens' Workshops 
on Energy 

and the Environment 



We hVe a" number of ways to meet our present and - 
future energy requirements, but they pose fundamental 
questions about population gi-owth, conservation of resources, 
energy supply and demand, environmental consequences, and 
new energy technology. 9 \ 

The Citizens' Workshops sponsored by the U.S. 
Department of Energy are designed to acquaint the public * 
with the complexities of the energy-environment situation.* 
They give tde participants a chance to face, in a simulated 1 
situation, the same kinds of decisions encountered. by real-life 
policy-makers, and to learn more about the complex 
relationships' &nong energy demands, energy supplies, and 
environmental pollution. . 

This activity is made possible by the 
Energy-Environment Simulator, a computer-like device that 
imitates the real world. The simulator has been likened to a ' 
time machine, on which time speeds b^ at a rate of 100 yea^b 
a minute. The participants must make decisions' by controlling 
energy supplies and demands. The object of the game is to ■ 
maintain a supply of fossil fuels for as long as possible and to 
keep tFve environment as clean as'powuble-/'. 

yn addition to the time clock, the simulator has four 
functional ai;.eas : * * / - . . 

1. The Energy Supply allows one t6 draw front coal, 
petroleum, gas, hydroelectric, nuclear apd geothermal 
reserves. As time passes, indicatgr lights showsthe amount of 
reserves remaining. - " • ' J * 

2. Jhe Energy Poo/^/chpmical and electrical, show how 
the resources are converted. EnWgy from coal, petroleum, and 
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gas csurbc directed into oithe^pbol; hydroelectric, nuclear, 
and new technology can onMgo into the electric pool. The 
participants chose the distribution^ 

3. Energy Demands are divided Uito four major areas — 
industrial, transportation, houaehold/cohimercial/and 
agricultural. Energy demand grows in each area as time V 
passes. The participants can adjust demands up or^down and 
can control population growth and per capita energy Vrowth, 

4, The Environmental Impact of the decisions are in the 
last section: air pollution; thermal effects, radioactive \taafes h - 
etc. The per capita energy consumption is^also 
represented here, " $ 

From remote panels, teams of players control" the 
outcome. There are an unlimited number of Outcomes, with no 
correct answers. No two groups will ever reach the" 
same results, . t { ' 

The Citizens' Workshops also provide the opportunity 
for discussion of a wide variety of isstres^elating to' energy 
and the environment. They are conducted by qualified energy 
specialists from across the country as a public education 
activity*)? t k he U,S. Department of Energy, 



Energy % 
and the C 
Environment 



Man has been using energy since he first apj^ared on 
earth thousands of years ago. But onl>in the past century has 

• .i man's use of energy threatened to.overwhelm his environment. 

Primitive man consumed energy, for the most part, in 
.the form of food? Energy from the sun was converted by 
^photosynthesis into thapiant life which he, or the animals he 

^_/^unted, ate. The earth's popul^ion was scanty and demands 
- , *for ep^'gy^were few. 

i , A't some time in tfte distant ^ . 

past, man discovered fire 
and learned to use it. But it 
wasn't until man learned 
how to create fire, perhaps 

. - while chipping flint tools 
and weapons, that he begali 
the journey out of the Stone Age. 

; When man settled *■ * 

down to cultivate the land, he 
trained animals to work for him/arid for countless 1 
centuries animals supplied most of man's energy. In som}e 
parts of the world, tb^fltill do. Men also turned to other t 
pien to meet growing erfergy needs : The Egyptians built their 
pyramids with slaves, a method of harnessfng solar 
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power (humans, like animals, i>^(/ve 
their energy indirectly from, the 
sun through food) that, other 
civilizations, including oifr 
own, have relied upon. 

Byt demands for 
n energy also tapped 
man's creativity. ' 
The wind was used to 
turn windmills and push 
sailing ships, and water 
wheels began a technology 
that has led to the huge hydroelectric plajits of today. 
' The industrial revolution brought machines for 

converting energy from one form to another that irrevocably 
changed man's life and his relationship to his environment. 
First came the steam engine, and then, within'a short time, 
the internal-combustion engine — and both had relentless 
appetites for new fuels. Coal for the steam engine replaced 
^ wood as the primary source of energy in the industrialized 

societies^ and as the internal-combustion engine was 
' accepted, the demafod for oil grew. >-''',., 
The steam engine' made energy portable on a large. v ' 
scale for the first time: Factories no longer had to be near 
rivers, and locomotives <and steamboats revolutionized 
transperrtation.iEjbctricity brought new uses for»the steam 
entffne: Less than 100 years ago, a coal-fired steam engnte~- 
was joined to a generatorand the first central-power- 
generating station turned on the lights in a single block of 
New York City. Electricity is now essential toour civilisation. 

Petroleum products, before the internaKcbmbustion . 
engine, had been useii mainly for patent medicines, although 
kerosene had replaced whale oil and candles and w^is 
beginning to be used for h^jating^Gasoline, however, nau 
been a wasted byproduct Now, the millions of cars, trucks, 
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and buses crowding our highways are all powered by internal 
, combustion engines; so are the airplanes, ships, and trains, 
a{\ of them depend on petroleum for fuel. r 

n Another form of energy is now playing a significant 
role: the atom. Albert Einstein's theoretical basis for 
nuclear fission, E 'me-, was formafated in 1905, But it was 
not until 1942 that scientists in Chicago, working, with Enrico*" 
Ferny, created the first self-sustaining nuclear c^ain reaction, 
j This new form of energy was first used for weapons — the 

atomic bombs ttfat brought World War II to a devastating, but 
conclusive encTXPollowing the war, however, peaceful 
applications of nuclear energy were pursued and 12 years later 
the^rst large-scale commercial nucleaf>ower plant began \ . 
x generati.nl? electricity in Shippingport, Pennsylvania", j. 

Today, we draw our energy from a variety ■ / 
of sources, primarily from 
running water, fossil fuels, 
and nuclear fission. In 
j , ihqjpast few years, 
X_Jic-we>er, we ha,ve 

been forced to v £\t 

realize that fossil fuels- 
' are finite and that we 
have beeyi wasteful with resources 
thatiaad always seemed limitless. Now, wc must use 
these fuels more wisely and developjiew sources of energy. 




How Sepous? 



In the U, S., we use more than 30 times the energy we 
used 100 years ago — but the population has increased only 
seven-fold. This means that each American is using about 
four times more energy than his great-grandparents. Every, 
nerson in this country rises approximately^4Q0 million BTU's 
'of energy each year: twice as much as a person in Great 
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Britain, three times as much as the average French citizey f 
and from lOjto i00 times the amount of someone in a 
developing* county. We have only six percent of th^world's 
population, yet we consume abotit one-third of the 
world's energy. * "<•-«-. 

0 Energy consumption bV individual Americans — and by 
U. S. industry — keeps going up. Just compare modern 
suburban homes with vintage 1949 houses. Today's are 
centrally heated and air conditioned, with labor-saving; , 
. appliances ranging from dishwashers to electric toothbrushes* 
In the garage, there are most likely two cars waiting, 
/ Sinc^ the turn of the century, we have £ome to rely 
J more and more on oil and hatural gas. Today, these fuels 
supply more than' 75 percent of our needs, wl^ich is far _ 
/ beyond our domestic production. Each year we importiSiore 
. oil an^Tnatural gas. In 1973, for 

exfample, we imported more ttyan 
| ' M^lX. /35.-percent of our petroleum — an 

' / amount equal to our total 

aconsumptioryin 1Q50, In 
Ml(7 p we im^irted nearly 
one-half of our oil/ We still have 
•large supplies of coal, but use it 
for less than 18 percent of our 
• energy, ^Electric power from water 
* is limited by ^Jie lack of suitably sites; 
over four percent of our energy is from hydropower, 
a figure ; that is not Expected to grow significantly, Wiihin , 
10 years, mictear power plants will be meeting uprto 10 per^nt 
of the demand ; and by the year 2000, energy from tbfi atom ' 
may supply between 15 and 20 percent of our energy, \ *, 

It is still early to speculate about emerging^nergy ♦ X, 
sources, Gebthermal power provides a small part of our energy"^ 
and is expected to provide slightly more in the futur^. 
The sun, wind, tides, fusion, magnetohydrodynamics, oif' 
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shale, ph()tosynt?hesi.s r (K'tfan gradients, a.nd ;6th«&s, are being 
investigated, but it may be years be foreyiny of therri really/ 
begin to pay off,. In; (he 'meantime, we nnist. '.make/do .with 
■ what U'e have: coal, oil, natural gas, and hydroelectric and 
nuclear po\vex. How we manage these resources over the next 
few decades raises many critical questions. - 

HowMucfcisLefl^ 
Where is it, 
Hcyv is it Used? 

< * if- we hadte^nlepend sol 
how long W(^ild they last? Es 
we know roughly how much is 
Coal resources are esth 
at 3,2 trillion tons, but coal^ 
resefcyes (tha^i^coal which 
can be econ(Wiically»^E 
recovered by present 
methods) are 
considered to be 
only 390 billion 
tons. This means, at the 
present rate of usage and 
growth, our coal reserve!? 
woulcMast 500 to (500 years. 

Naturajf Kas has become popular Decause ins cheap 
and clean, jp 1970, known reserves were reported to-be 291 
trillion cubic feet, with demand around 18 trillion cubic feet 
a year and increasing rapidly. Unfortunately, natural gas is 
being discovered at a slower rate than it is being used; U, S, 
reserves could be exhausted before the end of the century. 

J Petroleum, the mainstay of U, S, energy, meets more 
tha^45 percent orour energy needs. The U,S,, which has 




oitreservHps of 35-to-4y-T>il!ion barrels, uses more than 14 
mfllion barrels each daV Estimates of % undiscovered, 
economically recoverable oil range from 60 billion to 
400 billion barrels, , 

Seven percent q{ our petroleum, 18 percent of our 
natural pas &nd 65 percent of the coal We use is burned ,to 
generate electricity. Other methods of generating electricity 
are hydropower, nucfefiTiss/on reactors, and geothermal 
power. Hydroelectric Iipwer furnishes about 11 percent of our 
electricity, a proportion that will decline slowjy to about 8 ' 
percent by the end of the century, whertntest of the suitable 
river sites will have been dammed, -> , ( 

» There are few geothermal sites in the*U, S^most of them 
in the West, and only one^has been developed. But even-when 
all available sites are in use, geothermal power will provide 
less tl^n one perpent of our energy, , ° 

Nuclear energy now supplies about one percent of '~' 
our total energy demands, but is expected to provide far mote 
by the erid of the century/There is enough' known uranium-235 
in the U, S, to last about 40 years at projected usage rates, a«d 
more is expected to be found. If the breeder reactor concept 
were t£> be used, uranium resecyes might be app^eSiUbly . 
extended. Breeder reactor^ are theoretically c^pjibl^ of v . *. ■ 
jyoducing more fyel than/they consyme. . j " 

■ t By the year 2000we may be using about three times 
more energy than we are npw, Barrirfg unforeseen technical 
^advances, this expansion m^st be met By the five basic/... % v 
sources — coal, oil; gas, nuclear.power, aric} hydropower, „ 
liW ara-wejj)s^rig ap this energy ? More than 40 percent 
keeps odr industries running; 25 percent is us£d for ^ ' ; 
transportation (over half of this is used: to move people). 
Thirty-three percent of our energy is usecfin eortimercial anck/ 
residential buildings, primarily for heatkig ^rr^. ; 
air conditioning, - * " • -/'■■'.'; 

If we were able to extract all the, energy that is \ 




actually contained in fossil fuels, we <;ould 'drastically cut the 
rate we use them. As it now stands, hpweVer v we can 
only usq half of their energy content. . 

: Let's follow* a ton 
of coal (2000 pounds) from ; ■: 

the mine.to Ihe electric plant ■ 

S - v ^ 

to the^Tomes and offices 

wh^Me it is eventually ; 

consumed as electricity. 

First of all, 42 percent 

of thccbal never leaves the , 

deep mine ; it is either lost in 

the raining process or it is too V 

difficult and costly to gei^ut of 

the grouncl. By comparison^only, i , . * ; 

20 percent of the coaUs lost ii^^rip-miningj. : f 

which.,is one reason -siri^ 

TjNs means that frotn <v.ton ol cpaT^hat is actually in the ■ 
"fiTound, only 1140^ounds is remov.edNfrom st'deep -mine\and^- 
\J.(j0O pounds from a Strip min£$> , ^ - . :> 

Another eight; percent is lost in processing the coal and 
^adr^itionalone percent in transporting it from mine to * 7 
power .plant., By the time it reaches the plant, therefo^, only 
: 1040 pounds,of coal from the deep mine tym about 1450 pounds 
from the strip mine remain from the original ton. u ■ < • , 
j'\ When the coal is.burned, some 62 percent of : £he energy 
in the^coal that aCtuatly reached the plant is lost. In other y. 
NVords, thft%power plant.cah make good ua? of only 38 percent of 
: the energy^n tjie coal. Of the ttfn.we started. with, therefore, 
we have been able to extract the energy equivalent of only 400 
to ; 55Q pounds of coal. And it has not yet arrived at it^ 
destination as electricity: As it travefs through transmission 
lines, another 10 percent or more of potential enevgy is lost. 

To "make things worse, additiona'fenergy is lost once 
-the^lectricity is put to work. In lighting*, for exampleMess 



than 10 percent oC the energy is realized. The result b* that 
the equivalent of only-*>0 pounds of coal energy isactuallv - 
converted to useful work from the original 2000 pounds in the 
ground — less than thiw percent/ 

'l'ht^sitilfe<mj^n()t'much better with other fuels. 
V\ hether we use oil, natural gas, or nuclear fuel to generate 
electricity F .tkere are incflicienoitjs all along the line. If we 
can figure out ways to increase thye^llicieney of our existing 
energy systems, we could save a substantial amount s 
of our resources. 



the Environment 

There is no such thing as an environmentally neutral ' 
energy system. Whenever we flip a light on or start a car, 
Ave affect the environment in some way : disruption of the ^ 
kind, creation of solid wa.stt 1 , air or water pollution, or a 
combination. Kven a windmill diverts land from other uses. » 

Most energy is produced by burnin^^fossil fuels, and 
whenever combustion takes place, pollutants are released into 
the atmosphere: carbon monoxide, sulfur dioxide, oxidcs'of . 
mtrogen.'unburned hydrocarbons, and ash. Millions of tons 
of these pollutants are disgorgecf into the air each^year as 
a result of using energy. - v 

The a-tffomobile is the, 
biggest polluter. Not onlytlo 
automobiV^and trucks^ 
pour enormouty amou/(s 

. of pollutants into. the \ 
dir. but they contribute 

. indirectly to other forms 
of pollution : Water pollutioli 
from ojl spills and refinery 

discharge, and land disruption from . - 

pipelines and oil wells are part of the automobile system. 
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^ Even a hydroelectric plant, the cleanest lapce-scale 
producer of energy we have, causes environmental damage by 
flooding thousands of acrtjs of land when water bapks up from 
the dam. Electric power seems clean and"non-poIluting at the 
" point of use, but the system that produces electricity 
creates pollution at various stages, regardless of tifefuel 
used to generate' it. " 

Look at a 1,000-megawatt coal-fired electric power , 
plant, for example. Part.pf the environmental price we pay 
for such a plant depends on whether the coal it burns is taken 
from a deep mine or a strip n^ine. A deep mine requires some * 
9,000 acres to produce enough coal to keep the plant 
operating; a surface mine requires 14,000 acres. Additional 
land is displaced for the plant that processes the coal, for the 
highway or railroad that transports it to the power plant, and 
for the electrical generating plant itself. On an average, 17,000 

• more acres are needed for right-of-way' for the transmission 
lines. (This is the same for all types of power plants.) " 
Altogether, a coal-fired plant uses up some 30,000 acres, 

or about 50 square miles. 

Some water pollution also occurs as a result of 

• producing electricity from coal, both from the mining process, 
and, in the form of thermal pollution, from the conversion 
process. Air pollution, however, i$5 the most serious 
environmental consequence of a coal-fired plant. Without 
emission controls, a 1,000-megawatt plant produces more than 
350,000 tons of pollutants each year; two-thirds is fly-ash, 
but more than 100,000 tonfc are toxic sulfur dioxide, carbon 
monoxide and nitrogen oxides. Using present emission control 
devices, these pollutants can be reduced to Jess than 50,000 
tons annually. Rut, more than 900,000 tons of solid wastes 
are created as a result of these controls, requiring 45 acre's 

a year to dispose of it. . 

An oil-fired electric; power plant of the same size is not 
as harmful to the environment as one that burns coal. Even 
though it takes a thousand on-shore oil wells, for example, 
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ild area of a 
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much less land is needed to produce fuef 
an oil-fired system requires two-thirds of 
coal-fired system, and most of that is for 
lines. Air pollutipn is also considerably less 
in an oil-fired power plant. Without 
any control's, this amounts to 
about 150,000 toVs -a year, . /V* V 
mostly sulfur dioxide, - 
nitrogen'oxides, and - T 1 
carbon npnoxide. With 
emission controls, this can 
be cut to uncjer 40,000 tons,* 
a little less than a coal plant. 

Natural gas-fired power 
/plants cause less environmental 

disruption than any other fossil-fuel t * ^ 

plant. Emission of pollutants into the air 

from a gas-fired plant, without emission controls, 

is only a fraction of that from coal or oil-fired plants \. , 

with emissipn controls. " 

Some by-productsof.combustion are potentially 
dangerous : They create smog, darken the skies, and are 
generally unhealthy. High atmospheric concentrations of 
nitrogen oxidjes^and sulfur dioxide have been linked to 
respiratory illness and higher death rates. 

With hydroelectric and nuclear power plants, such 
emissions are not present. Nuclear plants do emit small 
quantities of low-level radiation into the atmosphere, but 
their most significant environmental problems are-radioactive 
solid wastes and the discharge of heated water into rivers aijd 
lakes, which raises the temperature of the water, which, in 
turn, affects th elfish and plant life. A 1,000-megawatt fiuclear 
power plant produces approximately 100 cubic feet 
of radioactive wastes each year, which must be carefully 
stored for thousands of years. By the year 2000, it is 
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estimated that radioactive wastes'from nuclear power plants 
in this country may amount to 500,000 cubic feet or enough to 
cover a city bjock to a depth of about 10 feet. 

Our environment is being adverseFy affected by energy 
production and use. As our population grows and our energy 
demands' go up, the situation will get worse. Remedies are 
costly : Pollution control devices on automobiles, for example, 
increased the cost of automobiles and reduced the efficiency 
of their engines. So, a measure to protect the environment 
not only made cars more expensive, it increased energy 
consumption. Emission control devices for electric power 
. plants have, in turn, increased.the cost of electricity. 
How, then, are we going to accomplish 
these two important objectives : 

First, to provide energy- 
tor economic growth 
I and, second, to preserve 

the environment for 
- ourselves and 

for future 

generations? 

How are we going to, 

maintain a balance 

between our need for 

ener^ftind our desire for a,£iearo- 

environment ? Measures can be taken to help achieve 

•these goals. They involve consdous decisions concerning 

population growth, conservation of resources, and 

development of new energy systems. 




Population 



Each day, the average American uses the energy from 
13.6 pounds of coal, 3.3 gallons of oil, 297 cubic feefof ^ 
jiatural gas, 3.7 kilowatt hours of hydroelectric power and 
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2 kilowatt hours of nUclear power. A baby.born today will 
use up during his lifetime, 175 tons of cpal, 2000 barrels 
of oil and 7.5 million 
cubic feet of natural 
gas. And^ that's based on 
today's rate of 
consumption — a rate 
that is growing 
steadily. 

Simple arithmetic 
telfe-us that if the' 
^population continues to 
grow, we will be using 
considerably more energy. 
The U.'S. birth rate has leveled 
off ; but even so, the population 
continues to grow. At the present rate, 
the population will not stabilize until it •■ 
reaches 275 to 300 million, 

In other parts of the world, particularly in the 
developing areas, populations are growing rapidly and each 
new baby further strains already inadequate energy resources. 
Thus, if developing areas ai;e to grow economically, it seems 
clear that they must first deal with the population problem. 
But the rich nations, too, must control population growth. . * 

not, there simply will not be' enough energy to go around, 
unless per capita energy consumption is held steady or 
reduced— and that seems unlikely. - ' 

/ ■ 




Conservation 



Energy in .the U. S. has been cheap and the result has 
been waste. How many times have we walked out of a lighted 
room without bothering to turn out tKetights? Or driven a 
couple of miles to pick up an unimportant item ? These^days'of 
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waste seem to be over now, as shortages and higher prices 
teach us aftard and important lesson: We-must learn to 
conserve energy and use it mofe wisely or w^'re going to be in 
serious trouble/Fortunately, proper conservation measures 
can help extend our* energy Supplies far intp.-the future. 

We must l§arn, for examine, how to make our<electric 
system more efficient, from start tqfiriish. We are recQVeririg 
less than 80 percent of thfc coial and 40 percent of the 
petroleum from our mines and wells. We must recover mor£ . 
Once the fuels reach the power plant, less than 40 perderi't 
of their potential energy is converted to electricity. We rriu$t_ 
So better. Almost 10 percent of the ejiergy is lost over the 
transmission lines, but methods, though costly] are available * 
for reducin£'this almost to zero. More efficient plants would 
also significantly reduce pollution. ' - 

Many industries could use energy better. By changing 
thfe way utilities charge for electricity, to encourage ^ 
conservation by industry rather than 
^ high usage, would make saving, 
energy profitable. It is estimated, 
for example, tlpt seven percent 
of our total energy is used by the • 
aluminum industry. It takes'jn-uch 
less energy to recycle aluminum 
than it does to produce alurrimum 
from ore. Thus, higher energy 
costs would not only reduce* * j 
industrial consumption, 
might also have the happy result ^ 
of getting drink cans off our roadsides. 

Substantial energy could be saved in 
transportation. Automobiles, trucks and other forms of 
•transportation cbuld be made to use fuel more 'efficiently — the 
average American car gets 12 miles a gallon. By building 
smaller and better cars, this could be doubled.** ' 




Test Your E.Q. 




How much of the 
energy used in gas 
stoves supplies the 
pilot lights? 
-a. 10% 



c. 50% 



2. An incandescent 



lamp and a fluorescent lamp 
have the same light output: 
Which uses energy more 
efficiently? 

a. fluorescent 1 

r 

b. incandescent 

c. both about the same efficiency 



3.. How v many soft 



drink cans can b£ 
. manufactured from 
recycled aluminum With 
?♦ the energy tieeded to 

make a single can from 
aluminum ore? 
, a. three 

b. five 

* Energy Quotient . c. "twenty 



^ — 4. How i^iuch^he^ting oil 
would be saved Jbn a typical 
winter day if th&attics of single 
family Jiomes that^needed 
insulation were properly 
insulated? 

• V (a) 2% 

; • (b) 8% 

(c) 50% 



— — 5, How much of 
the energy stored. in cri 
petroleum is lost between 
oil well and a moving car' 

a. 20% 

b. 60% 

c. 90% 




sThe heat energy of a 
gallon of gasoline 
is equivalent to 
• a. 5 rmin-days of labor. 

b. 15 man-days of labor 

c. 25 man-days of labor 
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Take this quiz to check your knowledge. #hd understanding 
of energy-enxironmen$ issues. When you have marked 
your answer, turn to page 24 to see how well you have done. 



.7. 



How much 
faster than 
their rate of 
production 
are we 

consuming' 

our fossil 1 

fuels? * * 
a. ^0 times m 
.b, 1,000 times 
c. 1,000,000 .times 




Which of the 

following fuel 
resources is in 
greatest danger 
of exhaustion? 

a. coal 
b. petroleum 
c. natural gas 




8. What fraction 

■ of the world's 
energy consumption 
occurs in the LL S. ? 

a, over 10% 

b. over 20% 
cover 30 fo 



.10. In the year 2000, 



•American total energy 
demand will be: 

a. the same as today 

b. . twice as much 

as today y 
d three times as 



much as today 





$ j In,the.effQrt to save gasoline, the individfiai mofftrist 
can take,some significai^ffsteps : 

I — Use putofcc transportation 
— Form car pools ^ ^ 

s — Drive at reasonable speeds ; no fast stops andsWts ; 

do not |race the ehgine; 
do hot lea^e the engine 
Jdlirig for long periods. 
—Keep trips to a 

minimum ; consolidate 
shopping trips 
and other errands. 
— Keep the car 
V engine^vell tuned. 

Irvour homes and commercial buildings /\ , e >. 
there are ways to make important savings. Construction 
standards need to be changed ; for example, proper insulation < 
could save up to 50 percent in home heating cgsts and air 
conditioning. Most commercial buildings have been 
over-heated, over-cooled, and over-lighted. Better architectural 
design could reduce con{merciaKheating and lighting s,v 
demands by useless glass, better insulation, and appropriate 
heating and lighting systems. 

Significant amounts of energy can- be saved in houses 
and apartments, too; 

— Install weather stripping on doors and windows. 
—Install storm doors and windows. 
—Have the furnace checked and cleaned regularly. 
— Close the fireplace damper when not in use. 
It has been estimated that turning all thermostats ' 
down- two .degrees in the winter and raising them two degrees 
in the summer could save more than half a minion barrels of 
oil a day by 1980. The winter 0^1976-77 showed us that we 1 
did not have to keep our homes nearly as warm as in the 

r 



o - 



past, and that by wearing a. sweater indoors we 
could.s.till be comfortable.!* * 
y ' I Household appliances also usea'lot of energy, sgme of* 
if ^lnnecessarify. Iy fact, as much as 10 percent of the eas 
used in this country is bushed by pilot lights. Much of this . 
could be sav£tl b> replacing-pilot lights with ignition devices. 

There are other ways of conserving energy on home 
•appliances and lighting: 
* . — Us£ cold writer in the washing machine. 

\ — Dpnot wash dishes under hot running water. 

^Repair leaky faucets. v 
* — Forego the luxury of frost-free refrigeratory and 

freezers. ^ * , ^ ' 

£ —Install fluorescent lamps instead of standard light 

* bulbs. ' * , \ 

* v — Turn off lights when not in use. 

Other Sources of Energy 

One thing is quite clear : Unless we develop alternative 
energy, sources, we will exhaust our fossil fuels Sooner rather 
thanMater. To make things worse, even if abundant fossil 
J:uels were available, it is doubtful that th« environment could 
^5sorb the ever-increasing amounts of pollution their.burning 
would create. In some of our major cities we can hardly" 
breathe the air now. For the sake of the 
environment, as well as for the need, 
of a reliable energy supply, 
we must find other sources. 

.J Or^e* of the key criteria 
for new errfergy sources is that 
they not pollute the environment, 
unnecessarily. A number of 

alternative energy sources are presently being developed that 
may, perhaps, suppltfthe energy of the future: 

, . . . K 
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for the Future 

►For the foreseeable future, our energy will come from 
present sources — coal, oil, gas, nuclear fission, and hydro - 
power, although the portion provided by each will change. 

^ Besides new technologies, there are better ways to use 
existing energy sources. Here are some of tyie possibilities 
for the future. 



Direct Conversion 



j 




Direct conversion offers a number of possibilities for 
transforming ojiy type of energy to anbth^r. The direct 

conversion device weR^ow best is the 
battery, such as the one in our automobile, v 
or flashlight, which converts chemical 

energy directly to electrical 

energy, with no moving parts. 
Batteries do not creat& energy; 
t however, they only store it and furnislj it \^hen 

needed. As we all know, they must be recharged. ' ^ 
The solar cell is another method of direcf conversion.*, 
; JSolar cells are used expensively in the space program, but high 
costs have prevented th^ir commercial use. In time, their 
cost m£y be cheap enough that ftie roof of every home will . 
be implanted with solar cells/Sunshinfe^jjould be absorbed by * 
th6se cells. and converted into electricity, which would be fed 
into a bank of storage batteries, which could supply a*home's 
electric needs. Similar systems on-a much larger scale" 
could possibly bemused to power office buildings 
and, perhaps, factories. ■ . . 

- - The fuel cell is a close relative pf the battery. It, too, 
converts chemical (energy directly to electrical energy ; but, 
unlike the battery, it has a continuous fuel supply, such as s 
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hydrogen and oxygen. Unfortunately, fuel cells are too 
expensive forj&eneral use. But jf manufacturing c^sts can be 
, reduced^ they might become impertant, whioh would be a * 
happy turn of events, since the fuels' they use are plentiful, ' 
Storage batteries may become useful adjuncts to" new 
energy .systems. For example, a solar power system in a / 
hy^ne-would require efficient batteries to store Energy from 
sunshine for use during the night or on cloudy days,-Also, 
new types of long-Hfe bat'teries may eventually power 
automobiles. * ' . 

Of the direct conversion^methods we know, the one ^ 
that shows some promise for farg'e-scale energy production is 
magnetohydrodynamics (]\IhD) , MHD is a method for 
generating electricity by passing hot combustion gases from 
fossil fuels, through a magnetic field at high, speed. The 
extremely high temperatures needed t,q'c6nvert tfcje fyel to 
plasma, however, have created Engineering problems and 
delayed^development of MHD demonstration plants, A major 
advantage of . MHD plants is that they^ould probably be / 
operated at 50 to 60 percent efficiency— significantly higher 
than conventional plants. The MHD process would also 
significantly reduce emissions from coal and oil. 

Energy from Waste 

There have be&n -several proposals ov£r tft ^^rs f 

generating energy from waste, which would help sofve~Ef^ 
-problems : what to do with the 
waste and how to gerierate more 

ptower. One possibility, which . 

is^eing &sed already in some ^ 

cities, is to burn waste in 

power plants; shredded gaVbage 

can be mixed with coal to 

fuel specially designed plants, 
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or converted coal-fired plants. In the long run* such plants 
m'ky be more usefut'for waste disposal than for generating - 
elechrkity. But right now, thertMs just^ not, enough suitable" 
w waste) to m^ke'much of a dent in the energy shortage. Tbe 
samey Holds true£for methods of producing methane, the 
primary ingredyent'of naturalgas, from agricultural wastes or 
sewage. T^fes^proposals are*iot^et econorpk^\^hu^re-scale 
plants, although they f may be useful in individual situations, 



Oil Shale and Coal 



There are vast deposits. of oil shale and c^il in the | 
U. S., and pilotprojects tfre.under way- for. the extraction of 
oil from shale and in coal gasification and liquefaction. Gas 
from coad can substitute for nature gas. In fact, gus^from 
coal was at one time widely used in tlfe U. S., 
although the processes ,use<^ to 
gasify the'coal were crude 
and inefficient. It can be 
transported through existing 
. pipelines (although not for 
great distances) , and one major 
advantage is that the sulfur 
and many other pollutants in coal 
are removed in the gasification process. 
Converting coal to liquid is jnofe complicated and^ 
expensive, but it has been,proyen technologically! The liquid 
hydrocarbons from coal can be transported through 4 
existing oil pipelines and refined, like petroleum, . - 
into a. variety of products. ■ . . 

v - There are about 2 trillion'barrels of oil locked in.'the 
oil shale in the West, enough for years to come. Until recently; 
-howeVer, extraction of oilirpm shale has been too expensive;* 
but now, with higher prices, oil from shale appears 
more practical.. ' . . 





- ',; Mining oil shale will cause extensive physical damage 
to tha land. It^ikes 1.5 tons of shftle-to produce one bar ^1 of 
oil, which* means thousand's' of acres of our scenic western 
land must he m fried. Shales, processin^also .releases large 
quantities of noxious hydrogen sulfide and other pollutants-, 

l^ind millions of gallons (> f watfef are needed to procesAth^e 
enormous* quantities of rock. W a tunas' soiree intthule areas . 
andAvater pollution jus a reaJlTfifVof shaU^uning could 
become serjous. - . * 

In view of (heir serious env'irbnmental effects, new 

^coal t$clinotbgy and oil *s1fiaie p^qovftj^are ob\ rousIy not s 
panaceas. Until Ways afe^found to protect the environment 
yrhile jmining and processing these fuel ft, they cannot be : 

.fully exploited.- ^ * * ' " - . 



Geothermal 



- Th^ve js only one commercial geothermal .plant.jn the 
L. ^idthou^h geothermal eneugy finishes a majoi%part of 
I celanc^ energy, and is used i«n Italy* New'Z^aland, Japan, 
Mexico, and the? Soviet Union. The.prihciple is.simple: Harness 
the energy from the interior of. the earth, either as stjeum-or 
superheated water (as in a geyser J„ Or from 
heated rocks in the earth's crust.' ; " y ' : -\ 

There are a number , ^ \ 

of potential isothermal o 
sites in^the U. S., most- . 
of them in the West. « 
If all were exploited, » 
according to some Q 
estimates,, geothermal 
pfants might supply 
an important share of 
our epergy byj^^ 
fcnd of the century. 




These estimates appear overly optimistic to some 
critics, \vjTo_believe the environmental effects of geothcrmal'' 
energy have also been neglected; A law geothermal plant; jt 
is true^ could relea.se more sulfur emissionsjnto the air than* 
a coal-(h;e(l plant of comparable size. Water' from geothermal 
t sites also contains harmful salts and other chemicals and «, 
there is, in addition, fhfc potential for land subsidence caused 
by thejrxtraction of large quantities of water. / 



Solar 



. Solar onergyfs anions the most promising sources of 
energy, for the future. Scientists have offered a variety of 
proposals for harnessing this limitless and virtually 
non-polluting energy source. (Yho storage rooms o( the 
Smithsonian Institution in Washington, D. fl. are filled with 
intriguing long-forgotten inventions using the sun's Heat for 
energy.) These suggestions range from giant desert solar 
farms to huge satellitesorb'iting the earth, beaming the sun\s 
energy back to receiving stations. 

Most of these large-scale projects are far in the future, 
but more modest applications of solar energy have been used 
-for years. There is>plenfy of room fry expanding these 
systems, with consuierabl-e energy savings: Solar energy for 
water -heating and space heating, for example, is widely used 
in Japan, Israel, and Australia. In this 
country most individual sojar units 
' used earlier in California and 
Florida have been displaced by the 
introduction of cheap alternatives, such 
as electricity and gas. Only a few 
houses in the U. S. now use solar 
energy for appreciable amounts of 
their energy requirements. It is now becoming 
economical to install solar equipment in residences, 




V. 



20 



apartments, oflice and commercial buildings for heating, air 
conditioning and hot water. These systems generally consist 
of a large surface, or collector for absorbing the sun's heat . 
and transferring it by fluid in pipes to a storage area. From 
the storage area the system provides space heat, hot water, 
or (with a heat pump) air conditioning/ 
Scientists generally agree that fc 
solar energy will bfc important 
in the long run'. 



Winds and Oceans 




It sounds quixotic 
to suggest that we return ta 
windmills for energy. But 
this age-old irtnean^ of 
harnessing wind is again 
being taken seriously. 

Only certain sites are 
suitable: The Great Plains and the coasts, for example, " 
have*stronger, steadier winds. But even if all sites were put to 
use, wind cuuld not produce significant energy, and huge 
steel towers, with 50-to-100 foot blades, would clutter the 
landscape. Windmills would, however, be a non-polluting 
way to generate electricity, j 

' The oceans are.another potential source. Tidal power, 
for example, can be put to use where the difference between 
high and low tide is substantial. There is only one commercial 
tidal-electric plant inj?peration in the world, on the coast 6f 
France. In the U. S, a few sites are feasible for such projects, 
among them the Bay of Fundy, where a tidal plant has been 
-on the drawing boards for 50 years. Unfortunately, the 
proposed plant has never been proven practical. In time, 
perhaps, a few such plants will be in operation, generating a 
fraction of ourenergy needs. 



1 r> 
21' J 



Several other possibilities offer hope.for tapping 
the energy potential of the oceans. One is to take advantage 
of the temperature differences between the surface of the 
ocean and the deeper waters, using heat engines designed to 
operate across these thermal gradients. Though not yet 
commercially practical, this type of energy could, in time, , 
provide a large share of our requirements. 



Nuclear Power 



In the U. S., we have been using electricity from 
nuclear plants since 1.951*4 hoy are now supplying about 
four percent of our energy and over seven percent of our 
electricity. Between now and the year 2000, nuclear power 
is 'expected to take up much of the slack created by shortages 
in other power sources. > 

Today's reactors use uranium-235 for fuel, but 
natural uranium is less than one percent' U-235. The bulk of 
ti is uranium-238 which is not fissionable. It is possible to 
convert non-fissionable uranium-238 amHWium (element 
number 00) into fissionable fuel-in a nuclear \>actor. This 
process of conversion is called "breeding". / 
The breeder concept offers 
the theoretical _a-\ h 

possibility 




of further 

extending nuclear fuel 
supplies. 

Safety is a major consideration 
in nuclear power. Thfcre is no chance of a 
nuclear power plant exploding like a bomb, but the leakage of 
low-Ieyel radioactivity is a hazard. Nuclear power plants; are 



designed with safety features to keep this leakage Well 
within safe limits. 

The transportation, storage, and disposal o& 
radioactive materials is one of the gravest social 
responsibilities mankind has ever assumed. We have accepted 
the responsibility for protecting ourselves and generations 
to come from the effects of radiation. No member of the public 
has been injured by radiation from a'nuclear power reactor. 
The chances that a nuclear reactor could'have a serious 
accident in any given year are extremely slight, but additional- 
safety measures are being developed to reduce these odds 
still further. k < • 

Nuclear fusion power comes from the same process by 
which energy is generated in the sun. If it could he controlled, 
fusion would supply us with a safe, cheap, virtually 
inexhaustible source of energy. But even the more optimistic 
scientists believe it will be 25 years, at least, before fusion 
power will be available, A . 



Score 1 for eaen correct answer. 
0—5 Poor, 0 — 7 Fair, 8—10 Good. 

ANSWERS: 

1. (c) Approximately half of the gas used in a gas stove is used to fuel 

the pilot lights because pilot lights burn continuously. 

2. (a) fluorescent lights give off three to four times as much light per 

watt of electricity used as incandescent lamps do. One 40-watt 
fluorescent light gives more litfht than three (jO-watt incandescent 
bulbs (and the annual savings may be as much as $10). 

3. (c) Aluminum is a very energy intensive material with the largest 
/ share of the energy going to process the ore. Recycling is a 

S. great energy saver. The nation's total throwaway containers 

equivalent energy waste is equal to the output of 10 large 
nuclear power plants. 

4. (b) If attic insulation were added to the 15 million single-family 

homes that need it, it would save about 8 percent of the heating 
oil previously used on a winter day. 

5. (c) Ninety-four percejit of the energy in the gasoline from crude 

petroleum is lost in making your car move. The efficiencies of 
the moA important steps where energy is lost are: 



producing the crude oil QCi f / f 

refining ' 87 f /J 

gasoline transport 97'/, 

> .engine thermal efficiency '29';v 

engine mechanical efficiency 71 r /r 

rolling efficiency 30'/r 



The total efficiency of the system is found by multiplying the 
six factors together: 6 f /r . 
. B. (b) 15 man-days of labor. Said in another way, one barrel of oil 

contains heat energy equivalent to the energy of a man at hard 
labor'for 2 years. * . 

7. (c) In less than 500 years man will have, consumed essentially all of 

the coal, oil, and gas that nature started forming 500,000,000 
years ago. By comparison, that same fraction of a calendar year 
is approximately 30 seconds. 

8. (c) More than a third of the worlds energy is consumed by the 6% 

of the world's population residing in the United States. 

9. (c) Natural gas reserves in the U. S. are expected to be exhausted in 

about 40 years. Petroleum should last for a century. Coal, 500 
'years or so. - ^ . 

10. (b) For more than a century, American demand for energy has 
doubled, on the average, every 20-25 yeari: ,' ' 



For Mote v ; 
Information tx 

Recent publications on energy and theenvironment . 
which you. might find of interest : 

J. Mf. Hollander and M. K. Simmons (eds.) Annual 
Review of Energy, Vol. 1 (Palo Alto,,California; Annual 
Reviews, Inc. 1976). 

Allen Hammond, William Mejfcz and Thomas Maugh,^ 
Energy and the Future^ Washington : American Association 
for the Advancement of Science, 1973) . 

U. S. Council on Environmental Quality, Energy and 
the Environment (Washington : U. S. Government Printing 
Office, 1973). 

Congressional Quarterly, Energy Crisis in America 
(Washington : CongressionarQuarterly Service, 1973). 

W. Wilsbn and R. Jones, Energy^ Ecology, and the 

Environment (New York : Academic Press, 1974) . 

■j • * 

^Exploring Energy Choices: A Preliminary Report 
(Washington : Ford Foundation, Energy Policy Project, 
1974). • * . • - . 

"The Energy Crisis : Reality or Myth," Annals of the 
American Academy of Political and Socia\Science (Vol. 410) , 
November 1973. / f * 

Energy Fact Book — 1976, ( Arlington, Virginia : Tetra 
tech, Inc. 1976). , , 141 • 4 \ \ ' 

U. S. Department of the Interior, United State Energy 
Through the Year 2000 ( Washington : U. S. Government t 
Printing Office, 1972) . 

P. Hi Abelsori Ked.) , ENERGY: Use, Conservation, 
and Stipply, (Washington : American Association for the 
Advancement* of Science, 1074) . , ; 

Science (Vol. 184) /April 19, 1974 (Special issue eta 
energy). *■ * 



These organizatipns can furnish information about 
energy. Most provide books and other materials, films, and 
speakers on request. t 



Amer.ican Gas Association 
1515 Wilson Boulevard 
Arlington, Virginia 22209 

AnaerK^Tn Petroleum Institute 

1801 K Street, N.W, 
. Washington, D. C. 20006 

American Public Power 
Association 

2600.Vipiinia Avenue, N.W. 
Washington, D, C. 20037 

A tomtcHhidiistriaHFornTiT 
7101 Wisconsin Avenue 
Washington, D. C. 20014 

V/NJEcoIogy Forum 
M24 East 3 9th Street , 
New Y6rk, New York 10016 

Edison Electric Institute 

90 -Park" Avenue , 
/New York, New York 10016 




.Energy Information Center 

505 King Avenue 3 
Columbus, Ohio 43201 

National Audubon Society 

1130 Fifth Avenue 

New York, New York 10028 

Sierra Club 

1051 Mills Tower 
San Francisco, California 94104 



Office of Public Affairs 
Washington, D. C, 20585 

U. S. Department of Interior 

18th and C Street, N.W. 
Washington, D: C. 20240 . 

U. S. Environmental Protection 
Agency 

401 M Street, S.W. 
Washington, D. C. 20460 



To 
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Important 

Energy 

Words 



Atom=— • The basic building block of all matter, an atom is the 
smallest particle of a chemical element (suc^as iron, 
hydrogen, gold, or uranium) that still has'tne properties 
of that element. * , 

Barrel — Although seldom gut in actual "barrels/' crude oil 
is measured in a unit called the barrel, equal to 42 U. S. 
gallons. One barrel of crude 0 il has the same, energy as 
350 pounds of coal. « . — f 

Breeder Reactor — A nuclear reactor that makes more nuclear 
fuel than it uses, by changihg certain fitoms that will not split 
into atoms that will split, 

British Thermal Unit (BTU)— The amount of heat necessary 
to raise the, temperature of one pound of water 1 & F„ 

Coal — A solid fuel, mostly carbon, formed from the fossils of 
plants living hundreds of millions of years ago. 

... • A ' 

CoalGasification — A chemical process to change coal into a 

* fueksimilar to natural.gas ; the biggest advantage is that 
sulfur and other pollutants iff coal can be removed before 
it is burned. ' * ^_ 

Coal Liquefaction (Coal Hydrogenalion)— A chemical process 
to change coa] into liquid fuels similar to gasoline and 
kerosfen^; compare with coal gasification. 

id 
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Coolant — Anything pumped through a nuclear reactor to cool 
it or absorb the heat it produces. Common coolants are 
water; air, helium, and liquid sodium metal. 

Critical Mass — >The smallest amount of nuclear fuel, like 
uranium, that will sustain a nuclear chain reaction of, 
splitting atoms. ¥ . N 

» 

Crude Oil— Liquid fuel formed from the fossiis of animals 
and plant^ at^rhe bottom of ancient seas; petroleum as it 
conies from'tlte ground, <> " 

Deep Mining — Mining th^f must be performed by digging* 
underground shafts and tunnels, 

■ * - ' " v 

Direct Energy Conversion — The process of changing any 
.other form of energy into electricity without machinery 
that has moving parts. For example, a battery changes 
chemical energy intd electricity by direct energy conversion. 

Efficiency, Thermal — A measurement of how efficiently any 
device changes heat into another energy form, Fclr example, 
a moUern coal-burning electric plant has about 38 percent 
thermal, efficiency because just under 4/10 of the heat from 
biirning^the coal is actually changed into electricity. _ u y 

Energy — TThe ability to do work or to make things move, r 

Fissi^h — The splitting of the nucleus (or center)' of one atom 
into two or more smaller atoms ; fission often releases large 
quantities of energy, J , 

Fission Products — The smaller atoms formed when atoms 
fission or split. ^ 

t 

Fly Ash — Tiny particles of solid ash jn the smoke when fuels 
such as coal are burned. 



Fossil Fuels— Coal, petroleum, and natural gas; this term 
applies to any fuel*;, formed from the fossils of plants and 
animals that lived eons ago. 

Fuel— Anything that ean be burned or fissioned to 
produce heat energy. 

Fuel Cell — -A device similar to a battery in which fuels such 
as hydrogen gas or methane caA be directly combined with 
oxygen to produce electfricity and very little heat ' the 
principal by-products df the process are water or < 
carbon dioxide. " > 

Fusion — The process of combining tlie nuclai or centers 
of two li^ht atoms to form a heavier atom ; fusion can 
release great quantities of energy. The sun produces its 
energy by fusion. \ , 

Gas Cooled Reactor — A nuclear reactor that is cooled by a» 
gas like air or helium, rather than by water or other liquid. 

Gaseous Diffusion — A process by which natural uranium is 
enriched and becomes a better nuclear fuel. 
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Geothermal Energy — Heat energy prpduced deep wi 
earth largely by radioactive materials that occur 
there naturally. , ' . ' 

Geothefmal Steam— rSteam formed by underground water 
seeping, through hot rocks Beep beneath the earth's surface, 

c • £ ' . » 

Horsepower — A unit that,measure the rate at which energy 
is produced or used, A man doing heavy manual labor 
produces energy at a rate of atJout .08 horsepower, 



Kilowatt — A unit that measures the rate at Which energy is 
produced or used! Ten 100-watt lightbulbs use energy at the 



rate of one kilowatt (equalj£> 1000 watts) , A rate of one 
kilowatt maintained for one holir produces or uses one 

kilowatt-hour of energy (equal to 1000 watt-hours) . 

■ 

Magnetohydrpdynamics (MHD) — Process that uses a magnetic 
field to produce electricity directly from the hot smoke and 
gases we get.fionrf burning fuels like coal and oil. 

Megawatt— «\8 nit to measure the rate at which energy is 
produced or used ; it is equal to 1000 kilowatts (see kilowatt), 

— ^ Moderator-^Matdrral, suclt as water and graphi/e, used in a. 
nuclear reactor to slo^ the speed of neutrons produced 
whea atones split, ■ ^ 

Natural Gas— Gaseous fuel formed from the fossils of ancient 
plants and Animals ; often found with crude oil. 

Natural Uraniunrv — Uranium as it is found in the ground ; a 
mixture of two types of uranium atoms. Less than^one. . 
percent of the atoms in natural uranium are the kind that 
will produce energy in a nuclear reactor. 

Neutron — A tiny particle, extremely heavy for its size, often 
found hi the nucleus of an atom. Neutrons have no electrical 
chargfc, and are released when atoms split (fission) . 

c 

Nuclear Power— The energy produced by splitting atoms 
(such as uranium) in a nuclear reactor. ' - 

■* Qil Shales-Rock formed by siltand mud settlingto the bottom 
of'arncieftt seas that contains a substance sigriilar to crude oik 

^So-called shate oil can be removed from the rock by heating 1 
aricl then usedio^make gasolihe, kerosene, etc. 

Petrochemicals — Chemicals removed from crude oil at the 
refinery and used to make a wide j^nge of products such as 
plastics, synthetW fibmT, detergents^tnd drhgs. 

Petroleum— See crude oiL 
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Photosynthesis — The process by which green plants convert 
sunshine into chemicals. 

^Plutonium — A heavy, man-made, radioactive metal that can 
be used for fuel in a nuclear reactor. s ^ - 

Radioactivity— A spontaneous change in the nucleus or center 
of an atom, accompanied by the releasepf energy called 
nuclear radiation. 

Solar Energy — The energy received from.the Sun. Nuclear and 
geothermal energy are*the only pres^ly available energy 
forms not derived from the sun. 

Solar Power^Electricity, heat, or other useful energy * 
produced from sunshine. 

Steam Electric Plant — -An electric power plant (either nuclear , 
or one that burns coal or other fuel) in which heat boils water 
into steam, the steam is used to turn a turbine, and the 
turbine turns a generator to, produce electricity. » 

Strip Mining— Mining for coal or useful ores by removing the 

soil and rock found above them, rather than by 

tunneling underground. ; 

; Surface Mining-^-A synonym for strip mining. , 

Thermal Pollution — Harmful effects to the environment that 
majy be produced by the warm water released by electric 
power plants into nearby l&kes,~riv6rs y or oceans: ^ 

Thermonuclear Fusion— See fusion. * k^-"t\ 



Wastes, Radioactive — A by-product of prolijjjcij^g po^yerby 
splitting atoms in a nuclear po^wer, plant^ some of these 
materials are highly radioactive and stay radioactive for 
long periods of time. 

.Watt — See kilowatt. x 



To Arrange for a Citizens' Workshop 

Presentation, contact: 

« _ ,. , 

'^Northwest College and University 

As^)ciati<Jn for Science 
7 . . 100 Sprout Road 
; Richland, Washington 99352 

(509) 946-3588 
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' .• , or '• 
Office offublic Affairs 
(Communications Services) . 
; U.S. Department of Energy 

Washington, D.C. 20585 

' (301) 363-4357 « 
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